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Abstract: We explore the possibility that the muon g − 2 anomaly and the nature
of dark matter can be simultaneously explained within the framework of gaugino medi-
ation, focusing on bino-like dark matter where the observed abundance is obtained via
co-annihilations. The minimal model with non-universal gaugino masses is excluded by
stau vacuum instability, although this constraint can be somewhat relaxed via the addition
of a universal soft scalar mass (or B − L gaugino mediation). A more promising alter-
native is gaugino+Higgs mediation, which significantly raises the soft masses of the third
generation sfermions leading to a split spectrum. In this framework, the muon g − 2 can
be easily explained and the dark matter abundance obtained through either bino-wino or
bino-slepton co-annihilations.
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1 Introduction
Supersymmetry (SUSY) remains an attractive and well-motivated framework for physics
beyond the Standard Model. Nevertheless, its absence in direct searches at the LHC
suggests that the spectrum of coloured superpartners should be somewhat heavier than
our expectations based on naturalness. On the other hand, the long-standing discrepancy
in the anomalous magnetic moment of the muon [1] can be straightforwardly explained
by the presence of weak-scale sleptons and gauginos, suggesting that SUSY partners in
the electroweak sector might be somewhat lighter. This possibility will be brought into
sharper focus in the near future, with new experiments that will measure the muon g − 2
with improved precision [2].
Furthermore, the electroweak particles involved in explaining the muon g − 2 could
also play a role in producing the observed dark matter density; in this case the lightest
neutralino provides the dark matter candidate, with its stability guaranteed by R-parity.1
This interesting possibility has attracted significant attention, with many studies conducted
in the context of the Minimal Supersymmetric Standard Model (MSSM) [4–14]. However,
such a scenario already runs into significant tension for a generic well-tempered neutralino,
with the stringent bounds from dark matter direct detection forcing one into tuned regions
of parameter space such as the blind-spot [15–18] and funnel regions [19, 20]. An alternative
way to evade the direct detection constraints is to consider a bino-like LSP; the correct relic
abundance can then be obtained via bino-wino [21] or bino-slepton [22] co-annihilations.
This possibility was recently explored in detail within the low-scale MSSM [23].
In this work, we demonstrate how the co-annihilation scenarios identified in refs. [14, 23]
for simultaneously explaining the muon g − 2 and the dark matter abundance can be
obtained within a realistic supersymmetry breaking setup. A significant consideration in
any ultraviolet (UV) framework must be the SUSY flavour problem, since the presence of
weak-scale sleptons (and squarks) will generically have disastrous consequences in flavour
observables, such as µ→ eγ. With this in mind, we work within the framework of gaugino
mediation [24–26], which provides an elegant solution to the SUSY flavour problem: the
soft masses of the squarks and sleptons are initially negligible at the grand unified theory
(GUT) scale and are then radiatively generated via flavour-blind gaugino loops.
The possibility of explaining the muon g − 2 —but not dark matter— in the context
of gaugino mediation was previously explored in ref. [27], where non-universal masses for
the gauginos were required because of the Higgs boson mass and LHC constraints. We
find that the minimal model with only non-universal gaugino masses at the GUT scale
cannot provide the observed dark matter abundance with a bino-like LSP, in addition to
explaining the muon g − 2, as it encounters problems with stau instability. We therefore
consider two simple extensions to this minimal setup. Firstly, in sec. 2, we allow for the
presence of universal soft scalar masses at the GUT scale; a similar situation is obtained
with pure gaugino mediation if B −L is also gauged. We find that while there are regions
of parameter space that can explain both the dark matter abundance and the muon g− 2,
1The muon g − 2 can also be explained in the context of gauge mediation where the gravitino is the
lightest supersymmetric particle (LSP) [3].
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these are still significantly restricted by stau instability. Furthermore, the best-fit region
is already being tested by LHC searches for the light sleptons or chargino.
Next, the strong constraint from stau instability motivates us to consider, in sec. 3, a
model with gaugino+Higgs mediation, where there is a direct coupling of the Higgs doublets
to the SUSY breaking field. Such a coupling is expected if the sequestered Ka¨hler potential
originates from an extra dimension and the Higgs doublets live in the bulk [26]. In this
setup, the soft SUSY breaking masses for the Higgs doublets are assumed to be tachyonic,
allowing hierarchical sfermion masses to be generated from Higgs loops without inducing
too large FCNC [28–30]. The third generation sfermions are then much heavier than the
first/second generation, evading the constraint from stau vacuum stability, and also helping
to raise the Higgs mass to the observed value. In this setup, we find that there exist viable
regions of parameter space that can explain the muon g − 2 and produce the observed
dark matter abundance via either bino-wino or bino-slepton co-annihilations. Some of this
interesting parameter space will also be probed by direct searches at the (HL-)LHC in the
future.
2 Gaugino mediation with universal soft scalar masses
2.1 Model
We begin by considering the following form for the Ka¨hler potential and superpotential:
K = −3M2P ln
[
1− f(Z,Z
†) +Q†IQI + ∆K
3M2P
]
,
W = w(Z) + µHuHd +WYukawas , (2.1)
where QI is a MSSM superfield, and Z is a SUSY breaking field. For ∆K = 0, K is
identified as the sequestered Ka¨hler potential [24, 31], and the soft SUSY breaking masses
for the sfermions and Higgs doublets vanish at tree-level. We assume 〈Z〉 /MP  1.
The deviation from the sequestered form, ∆K, is assumed to be
∆K = −dZ
†Z
M2P
Q†IQI − cb
Z†Z
M2P
HuHd + h.c. . (2.2)
Then, the sfermions and Higgs doublets obtain universal soft masses:
m2QI = m
2
0 = d
|FZ |2
M2P
= 3d
(
∂2K
∂Z∂Z†
)−1
m23/2 , (2.3)
and the Higgs B-term arises as
V =
[
cb
|FZ |2
M2P
− eK/(2M2P )µ〈w
∗〉
M2P
]
HuHd + h.c.
= c′bm3/2µHuHd + h.c. . (2.4)
For simplicity, we have neglected possible terms linear in Z in eq. (2.2), which results in
vanishing trilinear couplings, Aijk. One could interpret the flavour-independent soft scalar
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masses, m20, as being generated via radiative corrections from the gaugino of the B − L
gauge group, which is a natural extension of the MSSM gauge group (see appendix A). In
this case, the Higgs soft masses vanish and the squark masses are smaller than the slepton
masses at the high energy scale. However, these differences are not expected to lead to
significant deviations in the phenomenology we will discuss in the next section. Therefore,
we will continue to use a universal soft scalar mass, m0, for all the MSSM scalars.
Next, consider the gaugino masses. These are required to be non-universal due to
the LHC constraints and Higgs boson mass of 125 GeV, which both require a large gluino
mass; on the other hand, the bino (and sleptons) should remain light in order to explain
the muon g − 2. The non-universal gaugino masses can naturally arise in a product group
unification model, which also elegantly solves the doublet-triplet splitting problem in GUT
models [32–34].2 Consider, as an example, the SU(5) × SU(3)H × U(1)H product group
unification model. The Lagrangian for the field strength superfields is
L =
∫
d2θ
(
1
4g25
− k5
2MP
Z
)
W5W5 + h.c.
+
∫
d2θ
(
1
4g23H
− k3H
2MP
Z
)
W3HW3H + h.c.
+
∫
d2θ
(
1
4g21H
− k1H
2MP
Z
)
W1HW1H + h.c. , (2.5)
where W5, W3H and W1H are the field strength superfields for SU(5), SU(3)H and U(1)H ,
respectively. The coefficients, k5, k3H and k1H , are assumed to be real.
3 After the SU(5)×
SU(3)H × U(1)H is broken down to the SM gauge group, non-universal gaugino masses
arise at the GUT scale:
M1 = (k5N + k1H) g
2
5g
2
1H
g25 +N g21H
FZ
MP
,
M2 = k5g
2
5
FZ
MP
, (2.6)
M3 = (k5 + k3H)
g25g
2
3H
g25 + g
2
3H
FZ
MP
,
where the coefficient N depends on the U(1)H charge of the GUT breaking Higgs field.
Note that approximate gauge coupling unification is realised in this model when g3H and
g1H are sufficiently strong compared to g5:
g−21 = g
−2
5 +N−1g−21H ,
g−22 = g
−2
5 , (2.7)
g−23 = g
−2
5 + g
−2
3H ,
at the GUT scale.
2For a discussion of the muon g − 2 in models where non-universal gaugino masses arise from a SUSY
breaking field Z in a non-trivial SU(5) representation see ref. [35].
3This fact may be justified when eq. (2.5) arises from anomalies of a symmetry under which Z is charged.
– 4 –
Finally, let us briefly comment on CP violation. If CP is violated in the SUSY breaking
sector, this will generically induce a large electric dipole moment of the electron, in conflict
with experiment. To avoid this problem, we simply assume that CP is conserved in the
SUSY breaking sector.4
2.2 Phenomenology
2.2.1 Muon g − 2
For both of the models considered in this paper, the relevant regions of parameter space
feature a relatively large value for µ. The Higgsinos are therefore somewhat decoupled and
do not contribute significantly to the muon g − 2. The dominant SUSY contribution then
comes from the bino-smuon diagram in fig. 1, which is proportional to the smuon mixing
and hence is enhanced at large µ tanβ. This contribution is given by [38]
aSUSY-1Lµ =
g21
48pi2
m2µM1µ tanβ
m2µ˜2 −m2µ˜1
(
FN2 (x1)
m2µ˜1
− F
N
2 (x2)
m2µ˜2
)
, (2.8)
where xi = M
2
1 /m
2
µ˜i
, and
FN2 (x) =
3
(1− x)3
(
1− x2 + 2x lnx) . (2.9)
We also include the leading two-loop effects, resulting in5
aSUSYµ =
(
1− 4α
pi
ln
mµ˜
mµ
)(
1
1 + ∆µ
)
aSUSY-1Lµ , (2.10)
where the first term in brackets corresponds to the effect of QED running down to the
muon mass scale and leads to a reduction of around 10% [39]. The second factor comes
from resummed tanβ-enhanced corrections to the muon Yukawa coupling [40, 41]; the
expression for ∆µ can be found in ref. [40] and is proportional to µ tanβ. In our analysis
we use the latest result for the SM hadronic vacuum polarisation contributions [42] which
gives
aexpµ − aSMµ = (2.71± 0.63± 0.36)× 10−9 , (2.11)
where the errors are from experiment and theory respectively. This corresponds to a 3.7σ
deviation from the SM prediction.
2.2.2 Results
Following the discussion of sec 2.1, we have the following six input parameters at the GUT
scale:
M1,M2,M3,m0, µ,Bµ , (2.12)
4Another possible solution is to consider a shift symmetry of the SUSY breaking field: Z → Z + iR,
where R is a real constant [36]. In this case, only W (Z) = const is allowed. Still, SUSY can be broken with
a specific form of the Ka¨hler potential [37].
5In our numerical results we use the complete 1-loop result, not only the contribution in eq. (2.8).
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Figure 1. Bino-smuon contribution to the muon g − 2.
where m0 is the universal soft scalar mass, and |µ| and Bµ are substituted with tanβ after
electroweak symmetry breaking (EWSB), leaving us with five free parameters. We have
performed a scan over this parameter space in order to determine the regions that are
consistent with both the measured value of the muon g − 2 and the observed dark matter
density, as well as satisfying any bounds from LHC searches. We used a modified version of
the spectrum generator SuSpect-2.43 [43]. The dark matter relic density was computed
using MicrOMEGAs-5.0.2 [44], and the Higgs mass with FeynHiggs-2.14.1 [45, 46].
The results of this scan are shown in fig. 2, where we have fixed M3 = 4 TeV in order
to obtain approximately the correct Higgs mass, and taken tanβ = 10 and µ > 0. M1 has
been varied throughout the parameter space in order to obtain the correct dark matter
relic density. In the grey regions there is no value of M1 that yields a consistent spectrum
and the correct relic density with a bino-like LSP. At small m0, this is due to the fact
that the relatively large value of µ (∼ 4 TeV) causes the lightest stau to become tachyonic;
the strongest constraint here comes from vacuum stability due to the presence of charge-
breaking minima in the scalar potential [47–49]. It is this constraint that prevents the
minimal model with m0 = 0 from being able to explain both the dark matter abundance
with a bino LSP and the muon g − 2. In the upper-right grey region, the stau becomes
too heavy for B˜− τ˜ co-annihilation to sufficiently reduce the relic density of the bino dark
matter. In the remaining parameter space the correct relic abundance is obtained via
bino-stau and/or bino-wino co-annihilations, which require an O(10) GeV mass-splitting
between the bino and its co-annihilation partner [50–52].
The green (blue) regions in fig. 2 are also consistent with the observed value of the
muon g − 2 at 1(2)σ. There are then viable regions of parameter space that can account
both for the dark matter abundance and the muon g−2; however, these regions also feature
relatively light selectrons/smuons that can be produced at the LHC. The pink region is
already excluded by slepton searches with 36 fb−1 integrated luminosity [53, 54]. There are
also dedicated searches by ATLAS and CMS for the compressed spectra expected in co-
annihilation scenarios, and the red region is excluded by compressed chargino searches [55,
56]. This leaves a small region of viable parameter space that can explain the muon g − 2
at 1σ. Note this is also where both B˜ − τ˜ and B˜ − W˜ co-annihilations are active. This
surviving region escapes existing LHC searches due to the opening of additional decay
modes: χ±1 and χ
0
2 decay dominantly to tau final states, while the left-handed sleptons
decay into neutrinos (l˜± → χ±1 ν) with a branching ratio of ∼ 60%. Nevertheless, this
region should also be tested by slepton searches in the future. A benchmark point that
– 6 –
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Figure 2. Results with universal soft scalar masses. The dark matter relic density is satisfied
everywhere except the grey regions (see text for details). The green (blue) regions are consistent
with the muon g − 2 at 1(2)σ. The pink and red regions are excluded by ATLAS slepton [53] and
chargino [55] searches respectively.
satisfies all of the current constraints is shown in tab. 1; note that the coloured sparticles
are all decoupled and well beyond the reach of the LHC.
Finally, let us comment on the effect of tanβ, which has been fixed in fig. 2. It should
be clear from eq. (2.8) that increasing tanβ moves the best-fit region for the g − 2 to
heavier smuon masses, and hence larger values of m0. However, increasing tanβ also leads
to a stronger bound from stau instability, and this eventually excludes all of the 2σ best-fit
region for tanβ > 20. For small values of tanβ it becomes difficult to obtain the observed
Higgs mass.
3 Gaugino + Higgs mediation
It should be clear from the previous section that a significant challenge to explaining both
the muon g − 2 and dark matter in gaugino mediation models is the presence of the stau
instability. A potential solution to this problem would be to split the slepton spectrum and
give large soft masses to the third generation; however, such non-universal slepton masses
generically give rise to lepton flavour violation, with potentially large effects in µ→ eγ in
the regions of parameter space relevant for explaining the muon g−2 [57]. What is needed,
therefore, is a mechanism to split the third generation sfermions without inducing large
FCNC; this can be provided by Higgs mediation.
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M1(MGUT) 396
M2(MGUT) 310
M3(MGUT) 4000
m0(MGUT) 350
tanβ 10
mg˜ 7940
mq˜ 6700
mt˜1 , mt˜2 5840, 6300
ml˜L , ml˜R 267, 368
mτ˜1 , mτ˜2 166, 421
mν˜ 255
mχ˜01 148
mχ˜±1
' mχ˜02 189
mχ˜±2
' mχ˜03,4 4150
mA ' mH0 'MH± 4150
mh 123.3
∆aµ 2.27×10−9
ΩDMh
2 0.118
Table 1. Complete spectrum for a benchmark point that satisfies all existing constraints. All
masses are in GeV.
3.1 Model
In gaugino+Higgs mediation, only the Higgs doublets and gauginos couple to the SUSY
breaking field. The soft SUSY breaking squared masses for the Higgs doublets are assumed
to be negative and quite large, O(108-109) GeV2. Then, Higgs loops generate large positive
squared masses for the third generation sfermions at the one-loop level [28, 29, 58]. For
the first and second generation these contributions are suppressed by their small Yukawa
couplings. Consequently, the third generation sfermions naturally become much heavier
than the first/second generation without inducing too large FCNC [30]. The absence
of large FCNC is understood from the fact that gaugino+Higgs mediation belongs to the
framework of minimal flavor violation [59]. The first/second generation sfermions do receive
masses from the gauginos at one-loop, and non-Yukawa suppressed contributions from the
Higgs at two-loops. These positive contributions from Higgs loops to the slepton squared
masses are particularly important [28, 29], allowing the sleptons to be heavier than the bino
(and the wino when its mass is small). This RG running of the soft masses for the first and
third generation sfermions is exemplified in fig. 3, with QR being a renormalisation scale.
The resulting split spectrum is advantageous both to explain the muon g−2 while evading
the constraint from vacuum stability in the stau-Higgs potential, and to raise the Higgs
mass to be consistent with its measured value. Note that |µ|2 + m2Hu,d remain positive
during the renormalisation group (RG) running for large tanβ, and there are no tachyonic
directions (including the D-flat direction) in the Higgs potential at energies higher than
– 8 –
Figure 3. RG evolution of the sfermion soft masses in gaugino+Higgs mediation. The left (right)
panels are for the first (third) generation (the smuon masses are only slightly heavier than the
selectron masses). We have taken M1 = 440 GeV, M2 = 220 GeV, M3 = −2000 GeV, m2Hu/d =
−7× 108 (GeV)2, and tanβ = 40.
the stop mass scale.
The Ka¨hler potential once again takes the form
K = −3M2P ln
[
1− f(Z,Z
†) +Q†IQI + ∆K
′
3M2P
]
, (3.1)
with ∆K ′ now given by
∆K ′ = d′
|Z|2
M2P
(H†uHu + κH
†
dHd)− cb
|Z|2
M2P
HuHd + h.c. , (3.2)
and where d′ is assumed to be positive and κ = 1. Then, the Higgs doublets obtain soft
masses
m2Hu = m
2
Hd
= −d′ |FZ |
2
M2P
= −3d′
(
∂2K
∂Z∂Z†
)−1
m23/2 . (3.3)
The Higgs B-term is the same as in eq. (2.4). Note that the sfermion masses vanish at
tree-level with the above Ka¨hler potential, which is a key ingredient to avoid too large
FCNC.
There will also be contributions to the soft masses coming from anomaly mediation;
however these are flavour-blind and do not affect the above conclusion. These contribu-
tions are also numerically rather small; for example, anomaly mediation gives slepton and
wino masses
√
|m2e˜L | ∼ M2 ∼ g22/(16pi2)m3/2 ≈ 80 GeV(m3/2/30 TeV). We neglect these
contributions in the following, as they are not expected to significantly affect our results.
3.2 Results
For gaugino+Higgs mediation we then have the following free parameters:
M1,M2,M3,m
2
Hu , tanβ, sgn(µ) , (3.4)
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where we have assumed m2Hu = m
2
Hd
at the GUT scale. Achieving viable EWSB in this
setup requires µ to be large (O(10) TeV) and m2Hd − m2Hu & 0 at low scales [28]. This
second condition forces one towards large values of tanβ in order to enhance the down-
type Yukawa couplings appearing in the m2Hd beta function, such that βm2Hu
> βm2Hd
(note
that βm2Hu
and βm2Hd
are both negative). At large tanβ the bottom Yukawa coupling also
receives significant threshold corrections [41] (analogous to those for yµ relevant for the
g − 2 in eq. (2.10)). If µM3 < 0 these corrections increase yb, allowing one to have viable
EWSB with somewhat smaller values of tanβ; we will take M3 < 0 and µ > 0 in the
following.
Within this gaugino+Higgs mediation setup, one can show that it is possible to ob-
tain spectra suitable for producing the dark matter abundance via either bino-wino or
bino-slepton co-annihilations. Let us begin by focusing on the former case; the rele-
vant region of parameter space is shown in fig. 4, where we have taken tanβ = 40 and
M3 = −3.5 TeV. M1 has been varied in order to achieve a small mass splitting between
the bino-like LSP and wino-like next-to-lightest supersymmetric particle (NLSP) and ob-
tain the correct relic abundance through co-annihilations. First, notice that dark matter
masses below ∼ 200 GeV are already excluded by compressed chargino searches [55, 56],
while in the upper right corner of parameter space it is no longer possible to obtain the
observed dark matter abundance with a bino LSP. Nevertheless, there remain significant
regions of parameter space that can account for the observed dark matter abundance and
are consistent with the muon g− 2. The required smuon masses are around 600− 700 GeV
in the 1σ best-fit region for the g−2; these are safe from current slepton searches, however
it may be possible to test at least some of this region at the HL-LHC. A benchmark point
is given in tab. 2.
Let us turn now to the case of bino-slepton co-annihilation, which can be realised in
the region of parameter space shown in fig. 5. Recall that the third generation sleptons are
decoupled in this framework, and hence the lightest slepton and co-annihilation partner
is the right-handed selectron. There is a lower limit on the dark matter mass due to
slepton searches at LEP, which for a 10 GeV mass splitting between e˜R and the LSP give
the constraint me˜R & 96 GeV [60]. There is also an upper bound on the dark matter
mass of around 400 GeV, beyond which co-annihilations are no longer sufficiently effective
in reducing the relic abundance. Fortunately, it turns out that the muon g − 2 can also
be easily explained within this mass range. Despite the fact that this scenario features
relatively light sleptons, these are extremely difficult to probe at the LHC due to both the
compressed spectrum and the fact that the left-handed sleptons, which have a much larger
production cross-section, are significantly heavier. However, the right-handed sleptons
could potentially be discovered at a future International Linear Collider. Furthermore,
within the best fit region for the muon g − 2, the mass of the lightest chargino is always
below around 2 TeV. While LHC electroweakino searches are not currently sensitive to the
best-fit region, these may be the best way to probe this scenario at the LHC in the near
future. A benchmark point is again provided in tab. 2. Finally, note that tanβ is predicted
to be around 40 in gaugino+Higgs mediation for µM3 < 0; larger tanβ leads to a Landau
– 10 –
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Figure 4. Region of parameter space where the dark matter abundance is obtained via B˜ − W˜
co-annihilation. The green (blue) regions are consistent with the muon g − 2 at 1(2)σ. The lower
grey region is excluded by compressed chargino searches [55]. In the upper grey region it is not
possible to obtain the correct relic density.
pole below the GUT scale due to too large yb, and smaller tanβ leads to unsuccessful
EWSB (CP-odd Higgs becomes tachyonic). The viable region of tanβ depends slightly on
M3 through the radiative correction to yb.
4 Conclusion
The observed discrepancy in the muon g−2 remains an intriguing hint for new physics that
can be naturally explained in the context of supersymmetry. Furthermore, the required
electroweak superpartners can also play a role in producing the dark matter abundance, in
particular via co-annihilations with a bino-like LSP. In this work, we have shown how this
scenario can be realised within a realistic UV setup based on gaugino mediation.
However, we find that the constraint from stau instability immediately forces one to
go beyond the minimal model with only non-universal gaugino masses at the GUT scale.
We therefore focused on two simple extensions of this minimal setup. Firstly, we allowed
for an additional universal soft scalar mass (a similar effect could arise from B−L gaugino
mediation). This model can simultaneously explain both the muon g − 2 and the dark
matter abundance; however, stau vacuum stability still provides a significant restriction on
the parameter space. Furthermore, the remaining best-fit regions are already being tested
by direct searches for the light sleptons or compressed chargino/neutralino.
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Figure 5. Region of parameter space where the dark matter abundance is obtained via B˜ − l˜
co-annihilation. The green (blue) regions are consistent with the muon g − 2 at 1(2)σ. In the left
grey region the sleptons become too heavy to achieve the correct relic abundance; the right grey
region is excluded by slepton searches at LEP [60].
We then considered a model with gaugino and Higgs mediation, where tachyonic soft
masses for the Higgs doublets lead to a splitting of the third generation sfermions from
the first two generations via renormalisation group running. This allows one to easily
evade the constraint from stau instability without inducing too large FCNC. We showed
that within this framework there are viable regions of parameter space that can explain
the muon g − 2, with the dark matter abundance obtained via either bino-wino or bino-
slepton co-annihilation. In the former case, compressed chargino searches currently require
mχ01 & 200 GeV, and LHC slepton searches may also be sensitive to some of the best-fit
region in the future. In the latter case, the right-handed selectron is the NLSP and co-
annihilation partner; this leads to an upper bound on the dark matter mass of 400 GeV,
beyond which co-annihilations cannot sufficiently reduce the relic abundance. The light
right-handed sleptons are inaccessible at the LHC due to their small cross-section and
compressed spectrum; however the wino may also remain light enough to be probed by
direct searches in the future. In both cases, a future International Linear Collider could
also test some of the viable regions via production of the co-annihilation partners.
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BP1 (B˜ − W˜ ) BP2 (B˜ − l˜)
M1(MGUT) 810.4 473.5
M2(MGUT) 400 1500
M3(MGUT) -3500 -3500
m2Hu = m
2
Hd
(MGUT) −6.0× 108 GeV2 −9.0× 107 GeV2
tanβ 40 40
mg˜ 7230 7100
mq˜ 5800 6000
mt˜1 , mt˜2 11600, 11700 6680, 6770
me˜L , me˜R 704, 653 961, 246
mµ˜L , mµ˜R 742, 733 968, 296
mτ˜1 , mτ˜2 5500, 7780 2410, 3200
mν˜e , mν˜µ , mν˜τ 700, 738, 5500 958, 965, 2430
mχ˜01 395 241
mχ˜±1
' mχ˜02 422 1360
mχ˜±2
' mχ˜03,4 20800 8540
mA ' mH0 'MH± 6560 2170
mh 124.9 124.8
∆aµ 2.64× 10−9 2.87× 10−9
ΩDMh
2 0.1195 0.1188
Table 2. Complete spectra for two benchmark points corresponding to B˜ − W˜ (BP1) and B˜ − l˜
(BP2) co-annihilation. All masses are in GeV.
Acknowledgements
This work is supported by Grants-in-Aid for Scientific Research from the Ministry of Edu-
cation, Culture, Sports, Science, and Technology (MEXT), Japan, No. 26104001 (T.T.Y.),
No. 26104009 (T.T.Y.), No. 16H02176 (T.T.Y.), No. 17H02878 (T.T.Y.), No. 15H05889
(N.Y.), No. 15K21733 (N.Y.), No. 17H05396 (N.Y.) and No. 17H02875 (N.Y.), and by
the World Premier International Research Center Initiative (WPI), MEXT, Japan (P.C.,
C.H. and T.T.Y.).
A B − L gaugino mediation
In this appendix, we show how the non-zero sfermion masses arise in a B −L extension of
the MSSM. The superpotential is given by
W = yeHdLE¯ + yuQHuU¯ + ydHdQD¯ + yνLHuN¯ +
1
2
λSSN¯N¯
+ λXX(SS¯ − v2B−L) , (A.1)
where we omit flavor indices; N¯ is a right-handed neutrino superfield. Here, S, S¯ and X
are singlets under the MSSM gauge group. The U(1)B−L charges are summarised in tab.
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Q U¯ D¯ L E¯ N¯ Hu Hd S S¯ X
1/3 −1/3 −1/3 −1 1 1 0 0 −2 2 0
Table 3. Charge assignment of U(1)B−L.
3. The soft SUSY breaking masses are generated via the RG equation,
dm2QI
d lnQR
3 g
2
B−L
16pi2
(−8q2B−L,IM2B−L) , (A.2)
where gB−L is the U(1)B−L gauge coupling, qB−L,I is the U(1)B−L charge of an MSSM
superfield QI , and MB−L is the mass of the B − L gaugino. We assume kinetic mixing
between U(1)Y and U(1)B−L is negligible. Integrating the RG equation, we obtain
m2QI (Mbreak) '
g2B−L
2pi2
q2B−L,IM
2
B−L ln
MGUT
Mbreak
, (A.3)
where Mbreak is the U(1)B−L breaking scale of ∼ gB−LvB−L, which is assumed to be close
to the GUT scale MGUT.
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